Introduction
The global financial system experienced a serious crisis in July 2007. This crisis, initially affecting the American housing market, gradually spread to the entire global financial system. The crisis not only caused the default of some of the world's largest banking institutions, but was also at the root of a worldwide financial crisis comparable to that of the Great Depression of 1929.
The 2007-2008 banking crises have been the subject of numerous controversies as to their similarities and differences to past banking crises. Some claim that the recent crises are different in every aspect. They are chiefly due to a global savings glut and the absence of shadow banking system regulation (Adrian and Shin, 2009) . Others maintain that the recent episodes of banking distress are not so different from the previous ones and that the latter show remarkable similarities to the former. According to Claessens and al. (2010b) , these similarities are: First, the price of real and financial assets rising considerably in a number of countries before the crisis, notably in the United States and Europe. These prices reached 60% before the start of the crisis, which strongly recalls the price spike observed during major financial crises of the '90s, notably the Japanese crisis of 1997 (Caballero, 2010) . A second similarity is the occurrence, in a number of major economies, of credit booms before the crisis, estimated at over 150% of GDP (Claessens and al., 2010b) . Third, international financial integration facilitated large capital inflows, which contributed to the acceleration of GDP growth and massive credit growth, which in turn led to a strong fluctuation of global demand and a strong deterioration of current bank balances during the period preceding the crisis (Cardarelli and al., 2010) . Fourth, the inadequacy of the regulation and prudential supervision framework (Bair, 2009) .
In light of these findings, the goal of this study is twofold. First, to determine if the banking crises of the 2000s have shared causes with the crises of the 90s, and second, to determine if aggregated accounting indicators are robust banking crisis indicators.
Thus, in this study we propose first to identify banking crisis indicators by means of a limited dependent logit approach for a cross-sectional view of advanced economies during the period preceding the 2007-2008 banking crises, namely 1990-2006, and the period 2007-2012 . Second, we propose to test the robustness of the results derived from the multivariate logit approach, by means of Bayesian statistics (BMA). Indeed, according to Cuaresma and Slacik (2009) and Babecký and al. (2012) , the BMA approach has the advantage of reviewing different model combinations and of weighting them according to their adjustments in the model. This paper will be organized as follows: The first section being an introduction, in the second section we briefly present a review of the literature on banking crisis indicators. In the third section, we present our methodology, namely: our country sample and our main data sources, our endogenous and exogenous variables, and our two econometric approaches. In the fourth section, we present a brief descriptive analysis of our data. We describe and discuss in the fifth section our empirical results. The last section is the conclusion. Volume 5 Number 2 Fall 2015
Financial Crisis Indicators: Review of the Literature
Banking crises are not limited to the 21st century. Indeed, during the past four decades, the global economy was marked by an increase in banking crises. According to Reinhart and Rogoff (2013) , banking crises represent a threat to equal opportunity amongst emergent and advanced economies: most countries have had at least one banking crisis during the period of 1945-2008. The reoccurrence of these crises, their magnitudes and their surprising and unpredictable character, and the financial costs associated with these episodes explain the research communities' interest in these events. They all attempt to define and to identify the risks and vulnerability factors of the banking sector in order to avoid the triggering of new crises, or to find adequate methods for the management and the prevention of this phenomenon before it reaches a catastrophic scale.
The first approaches, used for the detection of turbulence episodes, were based on country risk rating systems (Hawkins and Klau, 2000) .Since the seventies, new techniques have been emerging, based on identifying early warning financial crisis indicators. The most commonly used methods for panel data limited dependent probit/logit models. The goal of this approach is to test the statistical significance of different indicators in determining the occurrence probability of a financial crisis across a cross-section of countries (Frankel and Saravelos, 2012) .
The indicators commonly used in the empirical literature are: macroeconomic indicators, financial indicators, external indicators, and institutional and structural indicators. The pioneering work done in this field of research is that of Demirguc-Kunt and Detragiache (1998b, 2005) , Hardy and Pazarbaşioğlu (1999) and Eichengreen and Arteta (2002) . The results of their research suggest that a weak macroeconomic and financial environment marked by small GDP growth, a high increase in real interest rates, excessive credit growth, and strong inflation significantly increase the probability of the occurrence of banking crises at the international level. Recently, Frankel and Saravelos (2012) Source : Frankel and Saravelos (2012, p.218) From this figure, we see that the indicators that are most frequently statistically significant are the real exchange rate, foreign exchange reserves, credit growth, GDP, and the measurement of international trade. Nonetheless, the balance of payments, the terms of trade, contagion and institutional variables, capital flow variables, and the various measures of external debt do not seem to be robust early warning indicators of financial crises.
Furthermore, few empirical works have tested the relevance of microeconomic indicators linked to the individual situation of banks in the growth of banking distress probability. These indicators generally reflect the health and solidity of banking institutions and are grouped into five groups forming the acronym CAMEL (CAMEL refers to the five main components of the real situation of a banking institution, namely: Capital Adequacy, Asset quality, Management, Earnings and Liquidity). In addition, CAMEL is a tool allowing for the detection of potential risks that could lead to bank failures and, by extension, banking crises. Muhammad (2009) argues that the strength of these factors determines the global solidity of the bank.
The works of Gonzalez-Hermosillo and al. (1997) , Männasoo and Mayes (2009) and Barrell and al. (2010) allowed the isolation of several conventional bank strength measures, derived from CAMEL, considered relevant to the detection of potential risks that could lead to serious problems in the banking sector, notably: (i) the ratio of capital to total assets; (ii) the ratio of non-performing loans or loan-loss provisions to total loans; (iii) the ratio of costs to revenue; (iv) the ratios of return on equity (ROE) and return on assets (ROA); (v) and the ratio of deposits to total assets, etc. Volume 5 Number 2 Fall 2015
Methodology

Sample and Data Sources
This study considers a sample of 15 advanced countries and covers the period of 1990-2012. Our data is mainly extracted from the following databases: The World Development Indicators (WDI) of the World Bank, the International Financial Statistics (IFS) of the International Monetary Fund (IMF), Bankscope and the work of Laeven and Valencia (2013) .
Overview of Study Variables Definition and Construction of the Endogenous Bank Crisis Variable
A key element in our study is the construction of the binary banking crisis variable for our sample of countries. We have therefore identified and dated the episodes of financial distress during the 1990-2012 period, referring mainly to the list of Laeven and Valencia (2013) .
According to them, a banking crisis is considered systemic if the following two conditions are met: "(1) significant signs of financial distress in the banking system and/or bank liquidations; and (2) significant banking policy intervention measures in response to significant losses in the banking system. Political interventions in the banking sector are considered important if at least three out of six measures have been used: "(1) extensive liquidity support; (2) significant bank restructuring costs; (3) significant bank nationalization; (4) the setting up of important safeguards; (5) significant asset purchases; (6) freeze on deposits and declaration of bank holidays." (P. 228). Table 1 gives the dates of banking distress episodes identified by this method for each country in our sample. 1991-1995 ; 2008-2011* Notes: * non-systemic banking crisis Source: Laeven and Valencia (2013, p. 254-256) Thus let be the dummy variable for banking crises that takes on a unit value the first year when a banking distress episode is identified in a country i, and a null value otherwise. Indeed, to the extent to which banking distress episodes occur an average of once per four years, Demirguc-Kunt and Detragiache (1998b) thus suggest to keep only the first year of a given crisis.
(1)
Exogenous Banking Crisis Variables
The choice of exogenous variables comes both from the empirical literature and data availability.
We have grouped our explanatory variables in four distinct categories, namely:
The macroeconomic variables, which are: the stock returns of key market indices adjusted by the dividends (returns t ), the growth of gross domestic product (gdpg t ), real exchange-rate change (vtcr t ), and the real exchange rate (rir t ).
Financial variables, which are: private credit (privcredit t ), the ratio of credit to bank deposits (ratiocreditdeposit t ), and the ratio of deposits to the money supply M2 (ratiodepositm2 t ).
The aggregated accounting variables (The aggregation and weighting depend on the size of the bank balance sheets for each country in our sample), which are: the ratio of cost to bank revenue (ratiocostrevenu t ), the ratio of capital to total bank assets (ratiocapital t ), and the ratio of return on equity (roe t ).
As well as the external variables, which are: opening up to international trade (opness t ), the ratio of external debt to GDP (exterdebt t ), the ratio of money supply M2 to international exchange reserves (m2res t ), and the flow of foreign direct invest mean to GDP (dfi t ).
In Table 2 , we have presented various financial crisis indicators covered in this study with the sign of the theoretical link expected between each variable and the occurrence probability of a banking crisis and the source of collected data. Furthermore, several indicators, such as, for example, the variables reflecting bank asset quality, the budgetary deficit, the current account deficit, and institution quality and judicial system quality, have not been kept in this study because of data unavailability.
Econometric Approaches
The purpose of this study is to determine, on one hand, if the banking crises of 2007-2008 in advanced economies share the same origin as the crisis episodes of the 90s, and, on the other hand, to determine whether aggregated accounting indicators are robust banking crisis indicators in these economies.
To do this, we propose, first, to identify banking crisis indicators by means of a limited dependent variable logit approach. Second, we propose to test the robustness of results derived from this approach by means of Bayesian statistics (BMA).
In the following, we propose to present briefly these two methods.
Limited Dependent Variable Logit Models
Limited dependent variable logit models were introduced by Eichengreen and al. (1994) and Frankel and Rose (1996) . Unlike the "signals" approach, the logit/probit limited dependent variable models provide an explanatory probability simultaneously for the group of explanatory variables in question. Similarly, these models allow one to take into account the marginal contribution of each variable to crisis event genesis. In addition, the empirical literature validates the relevance of these models in the identification of financial crises in the case of panel data (Davis and Karim, 2008) .
The model is as follows:
Where i=1,…, N and t=1,…, T
The explanatory variable is a binary variable that has a value of 1 during crises and 0 otherwise; is the vector of N coefficients relative to explanatory variables to estimate; is the matrix of explanatory variables; and is the residual matrix. identically and independently distributed and follows the logistic distribution.
The Cumulative distribution function is given by:
The likelihood function associated with this model is written as follows:
The logarithm associated with the likelihood function is written as follows: (6) The occurrence probability of the crisis is a function that is obtained by the maximum likelihood method.
Formally, the crisis probability is as follows:
Bayesian Model Averaging
Bayesian Model Averaging (BMA) has the advantage that it takes into account different model combinations, weighting them according to their adjustments in the model. In addition, the BMA approach provides for each variable an estimate of their coefficients as weighted averages of all models included in the model-space (If we have k variables, the model space will consist of 2 k models) . Thus, the weighting coefficients correspond to the posterior probability of inclusion in each model in the model-space.
The only existing works using this approach in the domain of early warning financial crisis indicators are those by Cuaresma and Slacik (2009), Babecký and , Boudebbous and Chichti (2013) and Feldkirche (2014) .
We use the BMA approach to identify banking crisis indicators in a list of potential k indicators. We consider the following linear regression model:
Where is a binary financial crisis variable; is the constant; is a coefficient vector; refers to a subset of all the relevant and available explanatory variables, namely, potential early warning indicators X the fixed effects component; and is the white noise error term.
The number K of potential explanatory variables gives 2 K potential models. The indicator γ is used to refer to a specific model among the 2 K models. Thus, an average is then calculated from the information originating from the model, by using the a posteriori probabilities of the model implemented by the Bayes Theorem: (9) With is the posterior probability of the model, which is proportional to the marginal likelihood of the model . It facilitates the dating of the model's a priori probability
The robustness of a variable in the explanation of the dependent variable can be expressed by the probability that a given variable will be included in the regression. It is assimilated to the posterior inclusion probability (PIP), which is calculated as follows: (10) Only variables with a PIP greater than or equal to 0.5 are considered robust determinants of the dependent variable.
Descriptive Analysis of the Data
Our sample has 15 countries. Our choice was, on one hand, due to data availability and, on the other, to the fact that these countries have had serious banking crises during the past decades.
We use the panel data with annual frequencies relating to the periods 1990-2006 and 2007-2012. Figure 2 provides a few stylized facts on the banking crises of our sample. We conclude that during the 90s, the frequency of these crises was relatively low, with a maximum of 4 crisis episodes. However, the 2000s were characterized by a higher frequency of banking crises, with a maximum of 16 crisis episodes. Table 3 are descriptive statistics of the study's set of variables. The analysis of descriptive statistics reveals that for the two periods of the study, certain explanatory variables such as: the market index returns , the exchange rate variation, (), private credit (), the ratio of credit to bank deposits (), the ratio of deposits to the M2 money supply (), the ratio of return on equity (), the ratio of costs to bank revenue (), opening to international trade (), the ratio of external debts to GDP () and the ratio of the M2 money supply to international exchange reserves () on the considered period show very significant fluctuations in comparison to other variables. Furthermore, the number of observations varies from one variable to another because of data unavailability. Table 4 . Simultaneously, we have included in our regressions all the variables because all the coefficients are less than 50% for the two periods of the study. Source: Authors' own work
Empirical Results and Discussion
We remember that the objective of this study is to determine, on one hand, whether the banking crises occurring in advanced economies in 2007 and 2008 have shared roots with past crisis episodes, and, on the other hand, to test the contribution of aggregated accounting indicators in explaining these crises.
We have identified, first, by means of multivariate logit models for a set of developed countries during the periods 1990-2006 and 2007-2012 
Model (e): Macroeconomics, financial, accounting and external indicators
In the first place, we have estimated the set of these models on the two considered periods by means of fixed effects and random effects methods. In the second place, we have used the Hausman test to choose between these two methods. The results of this test validate the relevance of the fixed effects estimation method, since the chi-square probability of the Hausman test is significant at 1%.
The estimation results of models (16) and (17) Finally, we have evaluated the predictive quality of our set of models. The choice of a critical threshold, namely the critical probability above which the supervisor emits an alert, is inspired by the work of Kaminsky and Reinhart (1999) . These authors suggest the use of a critical threshold that minimizes the noise-to-signal ratio, unlike DemirgucKunt and Detragiache (2005), who suggest the use of the sample crisis frequency.
The results of the test show that model (16.e) has a greater predictive power than models (16.a), (16.b), (16.c), and (16.d). Indeed, model (16.e) emits fewer false alarms than the other models (namely 37.14 %) and also has a lower noise-to-signal ratio (namely, 0.44). Thus, the specification that brings together the macroeconomic, financial, accountable, and external indicators seems to be the one best suited for the period 1990-2006.
Similarly, the results of this test show that model (17.d) has a better predictive power than models (17.a), (17.b), (17.c), and (17.e). Indeed, model (17.c) emits more accurate alarms (namely 69.00 %) and also has a lower noise-to-signal ratio (namely 0.71). This suggests that a specification that takes into account macroeconomic, financial and accounting indicators would appear to be the most appropriate for the period 1990-2012.
The estimation results of model (16.e) suggest that economic downturn characterized by a growth of real GDP and real interest rates and appreciation of the real exchange rate are robust banking crisis indicators at 1%. This supports the work of Borio and al. (2010) who argue that the banking crises from the 90s in the Nordic countries can be considered twin episodes because they were all found to correspond with simultaneous exchange rate crises. Indeed, in 1992, fears of devaluation of the Swedish krona and the Finnish markka triggered various speculative attacks against these currencies. To deal with these attacks and to defend their respective currencies, these countries significantly raised their interest rates, by more than 60% in Sweden and 15% in Finland, which significantly increased the fragility of the banking sector and the recession (Borio and al., 2010) . Notes: Ratio noise / signal =% false alarms compared to the % of correct crises ; t-statistic significant at the threshold of (***) 1%, (**) 5% and (*) 10%; () Coefficients.
Source: Authors' own work Notes: Ratio noise / signal =% false alarms compared to the % of correct crises ; t-statistic significant at the threshold of (***) 1%, (**) 5% and (*) 10%; () Coefficients.
Source: Authors' own work Furthermore, the estimation results of model (16.e) show that a drop in the ratio of the money supply to foreign reserves and a higher degree of openness to international trade are good indicators of banking crises. These results contradict the theoretical and empirical literature, notably the work of Caprio and Klingebiel (1996) who show that the majority of countries that were affected by the banking crises suffered declines in their international trading of at least 10%, and a growth in the money-supply-toforeign-reserve ratio.
The estimation results of model (17.d) show that the growth of market returns is that only macroeconomic variable that is a good predictor of banking crises at 10%. This contradicts the work of Kaminsky and Reinhart (1999) , which shows that the period preceding financial crises is generally characterized by fluctuations in equity prices of about 40% compared to those recorded during non-crisis periods. However, these results corroborate those of Caballero (2010) and Claessens and al. (2010b) who found that asset prices in the United States and other advanced countries grew by over 30% before the 2008 crisis to reach a threshold of over 60% just before the onset of the crisis.
Similarly, the estimation results of model (17.d) show that significant bank credit growth and a decrease in the deposit-to-M2-money-supply ratio are robust banking crisis indicators. Indeed, these results are broadly consistent with the work of Davis and Karim (2008) who argue that, working for profit maximization, the banks would lower their requirements for credit granting, offering risky loans to clients who are not necessarily creditworthy. In consequence, with interest rates growing, many borrowers would find themselves unable to meet their obligations. A significant percentage of loans would therefore become doubtful accounts, deteriorating the banks' balance sheets, which in turn would cause investors to lose confidence in the banking system. As a result, a bank-run will follow.
In addition, the estimation results of model (17.d) suggest that a higher ratio of costs to bank revenue, a decrease in the ratio of capital to total bank assets, and a smaller ratio of financial result to equity costs are robust banking crisis result indicators. These results are significantly compatible with the work of Männasoo and Mayes (2009) and Barrell and al. (2008) .
In summary, as our results show, it seems that the only points shared between the banking crises of 2008 and those of the 90s in advanced countries are: private credit boom and the deterioration of bank balance quality measured by the decrease of the capital ratio, and the growth of the cost-benefit ratio.
Furthermore, unlike past crises, neither slowed economic activity, nor external shocks seem to have contributed to triggering the 2000s banking crises. Indeed, these crises seem to have been caused by the overvaluation of financial asset prices that had reached dizzyingly high levels.
Our results also validate the relevance of aggregated accounting indicators in the onset of banking crises in advanced economies. Indeed, the insufficiency of net equity leads to an increase in banking institutions' exposure to various sources of risk, such as, for example, credit risk, market risk, and operational risk, which reduces their ability to deal with shocks affecting their balance sheets (Gonzalez-Hermosillo and al., 1997 and Barrell and al., 2008) . Similarly, the growth of banking costs relative to operating revenue reflects the ineffectiveness of the operational procedures used by bank directors and, more generally, the inefficient management of banking institutions. This can lead to deterioration of the institutions' profitability (Hays and al., 2009) . However, the decrease in the financial profitability ratio, measured by the relation between the financial income and equity, does not seem to be a relevant indicator in cases of past crises. The decline of this ratio is generally a precursor to solvency problems (Grier, 2007) .
We have tested, secondly, the robustness of the estimation results of multivariate logit models for the two periods under consideration in this study by means of Bayesian model averaging (BMA).
Indeed, BMA has the advantage of taking into account different model combinations, weighting them according to their adjustments in the model. In addition, the BMA approach allows the estimation of each variable's coefficients as weighted averages of the group of models included in the model space. Thus, if we have 14 variables, the model space will consist of 2 14 models, meaning 16 384 models. The weighting coefficients correspond to the posterior inclusion probability in each model in the model space.
The estimation results of model (18) Table 7 . According to table 7, the estimation results of the BMA model are broadly consistent with the results of model (16.e) by the multivariate logit approach (Table 5 ). (Table 6 ). In contrast, contrary to the estimation results of the logit approach, which suggest the non-robustness of real interest rate growth as a banking crisis indicator, the estimation results of the BMA model confirm the relevance of this indicator. Furthermore, for most of the models in the BMA model space, the ratio of credit to banking deposits is significantly positive, unlike the results of the logit model. Note: PIP, Post Mean, Cond.Pos.Sign denote subsequently inclusion probability, a posterior average, a posterior variance and conditional sign-post.
Source: Authors' own work
We may, in consequence, conclude that the results of the BMA approach, for the two studied periods, are broadly consistent with those obtained by the multivariate logit approach. Indeed, most of the indicators identified as good predictors of banking crises have preserved their sign and significance by means of the BMA approach. We can thus confirm the robustness of the estimation results of the multivariate logit approach. We can also conclude that the BMA approach is robust and can be used as an alternative to limited dependent variable models (logit) as an early warning system for banking crises. Second, we have tested the robustness of results derived from the multivariate logit approach through Bayesian model averaging (BMA). In effect, the BMA approach has the advantage of taking into account model uncertainty by considering different model combinations, weighting them according to their adjustments in the model (Crespo Cuaresma and Slacik, 2009; and Babecký and al., 2012) .
Conclusion
The results of the BMA approach have allowed confirmation of the robustness of the multivariate logit approach's estimation results, because most of the indicators identified as good predictors of banking crises by the logit approach have preserved their sign and significance through the BMA approach. We can also conclude that the BMA approach is robust and can be used as an alternative to limited dependent variable models (logit) as an early warning system for banking crises.
This study is not exhaustive. A possible extension of this research could be to test the predictive powers of the identified banking crisis indicators beyond our sample.
